This study aims to investigate the richness of mosses and liverworts at Serra do Curicuriari, in the Amazonas State, Brazil. The study area and the bryophytes were collected in 1979, during a botanical expedition of the "Projeto Flora Amazônica", in different types of vegetation. In total, 36 families, 99 genera, and 234 species were recorded (158 liverworts and 76 mosses). A considerable number of floristic novelties are reported: nine species are new records to Brazil; 31 species are new records to northern Brazil; and 14 species are new records for Amazonas State. Over 48% of the bryophytes have a Neotropical distribution, about 8% are Afro-American and Pantropical, and only 3% are endemic (five liverworts and two mosses). The results represent an increase in knowledge of the Brazilian bryoflora, being relevant for the conservation of bryophyte diversity in the Amazon Forest, and representing a contribution toward the targets of the Global Strategy for Plant Conservation.
Introduction
This paper presents results of a bryological inventory of the Serra do Curicuriari, São Gabriel da Cachoeira County, Amazonas State, in 1979. The exploration took place as part of the inventories of the "Projeto Flora Amazônica" and was done by the following bryologists, W. R. Buck (New York Botanical Garden), R. M. Schuster (University of Massachusetts) and Olga Yano (Instituto de Botânica de São Paulo).
The Serra de Curicuriari, also known as "Serra da Bela Adormecida", is located between the Curicuriari and Marié rivers in the county of São Gabriel da Cachoeira, in the Middle Rio Negro, Amazonas State. The region is part of the formation of the Guyana Shield and has different types of forests, campinarana and lowland land (50-100 m), submontane (100-500 m), montane (500-1000 m), and upper montane (1000-1400 m). Several species of cryptogams are known only in this region of the Serra de Curicuriari in the Upper Rio Negro (Fig. 1) .
The collection at Serra do Curicuriari was done during the 1979 expedition at altitudes of 0-450 m, and the samples are mainly housed at FM, NY, and SP herbaria. To date, all the mosses have been identified, but many of the liverworts still lack identifications. This paper is the first to present the results of one bryological expedition to one mountain of the Amazon Forest in Brazil.
The Amazon domain in Brazil shelters a great diversity of bryophytes in the country, and currently 188 genera and 570 species of bryophytes are recorded for the Amazon forest. The Amazon Rainforest is the second largest domain in terms of numbers of species after the Atlantic Rainforest, 379 genera and 1337 species (Costa & Peralta 2015) . Several floristic surveys of the bryophytes of Amazon Rainforest have been published, Griffin (1979) , Lisboa (1976 Lisboa ( , 1984 Lisboa ( , 1985 Lisboa ( , 1994 , Lisboa & Ilkiu-Borges (1997) , Lisboa & Maciel (1994) , Santiago (1997) , Ilkiu-Borges et al. (2004a,b,c) , Moraes & Lisboa (2005) , Zartman & Ilkiu-Borges (2007) , Yano (1992) , Yano & Câmara (2004) . However, until now there has been no study published on the bryoflora of the Amazon mountains in Brazil.
The aims of this paper are to provide an overview of the bryophyte flora of Serra do Curicuriari, incorporating new reports of bryophyte taxa, and analyzing the distribution of the bryophytes. It is the first effort to contribute to the information about bryophytes in the northern Amazon mountain forest in Brazil. 
Amazon Plant Project
The Programa Flora was created in 1975 by the CNPq (Brazilian National Science Foundation), and one of the five Brazilian regions, the Amazon Region (Projeto Flora Amazônica), was selected to start the project. The goal was to conduct a basic survey of the vegetation, through inventories and intensive collecting in little-known areas. A total of 26 expeditions were organized in the Amazon Forest and approximately 47,000 samples were gathered (MCT/CNPq 1987) . One of the expeditions was carried out in the localities of the Rio Negro and Serra Curicuriari, followed by a survey of the Uamatã River and Represa Balbina region, in the period from June to September of 1979, having the researchers William R. Buck and Rudolph M. Schuster (American bryologists- Fig. 2 ) and Olga Yano (Brazilian bryologist).
According to Crum & Buck (1992) , in the beginning (1977) , the Projeto Flora Amazônica was initiated as a program of systematic collecting making use of specialists in vascular plants, bryophytes, fungi, and lichens. Over 5,000 bryophyte collections were made in the region (Prance et al., 1984) , and the fifth expedition (1979) included the bryologists William R. Buck (U.S.A.), Rudolf M. Schuster (U.S.A.), and Olga Yano (Brazil) . This expedition, moving up the Rio Negro from Manaus to São Gabriel da Cachoeira by ship, emphasized riverside habitats, except for a trek to the summit of Serra Curicuriari, an isolated granitic outlier of the Guayana Highland, and a region considered rich in species of higher plants (Ducke, 1938) . Recently, though, Lisboa & Yano (1987) reported a number of mosses new to Amazonian Brazil on the basis of Buck's collections from Serra Curicuriari. 
The Field Museum Project
In 2015, The Field Museum invited specialists to identify bryophytes from tropical America, and the first author was invited to identify liverwort collections made by Rudolph Schuster in 1979, in Serra do Curicuriari, Amazonas State, one of the localities in which the "Projeto Flora Amazônica" did inventories. Then we added the data of the moss collections done by William R. Buck (New York Botanical Garden) and Olga Yano (Instituto de Botânica de São Paulo) in the same inventory and housed at NY and SP, respectively. Both liverwort and moss collections have duplicates housed at NY and SP, and for some liverwort collections it was necessary to check identifications.
Bryology in the Amazon
According to Mota (2010) , bryophyte surveys in the lowland Amazon forest have taken place mostly in Brazil, while in the Amazonian-Andean countries the studies have primarily concentrated on the species-rich montane and sub-montane bryoflora, giving the following literature for Colombia (Uribe & Gradstein 1998; Pinzón et al. 2003; Benavides et al. 2006) ; Bolivia (Fuentes & Muñoz 2002; Acebey et al. 2003) ; Ecuador (Churchill 1994; León-Yánez et al. 2006) ; Peru (Menzel 1984; Menzel & Schultze-Motel 1992; Majestyk & Janovec 2011); Guyana, Suriname and French Guiana (Florschütz-de Waard & Bekker 1987; Florschütz-de Waard 1990; Boggan et al. 1992; Buck 2003) .
In Brazil, inventories started in the 1970s and a great number were carried out in eastern Amazon, in the surroundings of Belém and Ilha do Marajó (Lisboa 1984 (Lisboa , 1985 Lisboa 1994; Lisboa & Ilkiu-Borges 1997; Lisboa & Maciel 1994) ; while inventories in the Serra dos Carajás and scattered localities in the south of Pará initiated information available from southeastern Amazonian (Ilkiu-Borges et al. 2004a,b,c; Moraes & Lisboa 2005) ; and in central Amazonia, they are concentrated in terra firme forests and campinarana (Lisboa 1976; Griffin III 1979; Zartman & Ilkiu-Borges 2007) , or terra firme and savanna forest in the State of Roraima (Yano 1992; Santiago 1997) . For the mountains of Brazilian Amazonia there are no inventories, beyond this survey done in 1979 in the "Projeto Flora Amazônica".
Material and Methods
The samples of liverworts housed at F were identified to species level based on the literature (Fulford 1966 (Fulford -1978 Gradstein & Costa 2003; Gradstein & Ilkiu-Borges 2009; Gradstein et al. 2001; Zartman & Ilkiu-Borges 2007; Pócs et al. 2014) , and the identifications of Curicuriari liverworts housed at NY were updated. Shortly after the 1979 expedition, Buck divided all the Schuster collections (including his "micropackets" of particularly interesting material) so that a full set would remain at NY. However, through time, the NY collection was partially determined by both staff and visiting bryologists, whereas the Schuster set (i.e., that currently at the Field Museum) remained untouched.
The Curicuriari mosses housed at NY and SP were only updated as they were identified. A total of 500 samples of liverworts from Field Museum herbarium (F) were recently studied and 175 samples of mosses from NY and 72 from SP were already identified, needing just to be updated.
Results and discussion
The bryophyte species of Serra do Curicuriari are listed in Table 1 . A total of 234 bryophyte species in 99 genera and 36 families are listed. Liverworts are represented by 14 families in 55 genera and 158 species. The most common families in terms of numbers of species for liverworts were the Lejeuneaceae (104 species), Lepidoziaceae (16), and Plagiochilaceae (11), together accounting for 55% of the total species number.
As expected the family Lejeuneaceae presents the highest number of species (104 species, or 44% of total species number), with Lejeunea Libert (1820: 372) (15 species), Cololejeunea (Spruce 1884: 291) Stephani (1891: 208-209 Mosses are represented by 22 families in 42 genera and 76 species, of which the most important were Calymperaceae (17 species), Pilotrichaceae (13 species), Dicranaceae (7 species), and Sematophyllaceae (6 species), accounting for 18% of the total number of moss species. These families are among the most common in tropical America (Gradstein et al. 2001) and for the Amazon domain in Brazil (Costa & Peralta 2015) , but the family Fissidentaceae (4 species) that is very common in the Amazon Forest is not well-represented in Serra do Curicuriari. Families like Pottiaceae and Bryaceae appear poorly represented.
Most of the bryophyte taxa are Neotropical elements (49%), following by the Afro-American and Pantropical elements (8% each), Worldwide and North South American elements (6% and 5%, respectively), Guiana Highlands and Endemic elements (3% each), and others (19%). In general, the geographical distribution of the bryophyte taxa in Serra do Curicuriari agrees with that of other areas in tropical America.
Despite the high diversity of species, the number of endemic species is not high, only seven taxa are considered endemic (Allorgella schnellii, Cheilolejeunea neblinensis, Diplasiolejeunea glaziovii, Drepanolejeunea palmifolia, Prionolejeunea recurvula, Sphagnum amazonicum, and Sphagnum curicuriariense), mostly considered rare and restricted to the Amazon Forest.
Allorgella schnellii Tixier (1995: 230) was only known from the type specimen from Amazonas (Manaus, Schnell 9312), growing on living leaves and it is considered a typical small epiphyllous taxon.
Cheilolejeunea neblinensis Ilkiu-Borges & Gradstein (2008: 522) was previously only known from the type locality in Venezuela (Cerro de la Neblina, Dept. Río Negro, Amazonas), growing together with other species of Lejeuneaceae, probably on branches or trunks of trees (Ilkiu-Borges & Gradstein 2008) . In the Serra do Curicuriari the species was collected from tree trunks, here cited as the second time for Brazil, from the Middle Rio Negro.
Diplasiolejeunea glaziovii Tixier (1985: 27) was, until recently, only known from the type specimen (Glaziou without locality, probably Rio de Janeiro State where he worked in Brazil), and according to Dong et al. (2012) may be conspecific with D. cavifolia Steph., a species that occurs in Brazil in the Atlantic Rainforest (Costa & Peralta 2015) . It grows on tree trunks and is here cited for the first time for the Amazon Forest in the northern region of Brazil.
Drepanolejeunea palmifolia (Nees 1833 : 366) Schiffner (1893 . is a widespread species in Brazil, occurring in the Amazon Forest, cerrado (savanna), Atlantic rainforest, and pantanal (wetlands), growing on tree trunks, mainly in lowland rain forests, 0-500 m. , 79-15-649, 79-15-671, 79-15-689, 79-15-704, 79-15-729 p.p., 79-15-775, 79-15-779, 79-15-786 , in hummock, 9-12 Jul 1979 , W.R. Buck 2501 . It is characterized by branches in fascicles of 3; stem leaves plane or slightly concave; apex rounded-fringed; branch leaves roughened at the back of the apex and bordered; leucocysts with 3 robust ringed pores at adjacent angles and few pores or none at commissures on the outer surface. In Brazil it is considered restricted to the mountains of the Amazon Forest but is expected to be found in the mountains of the Guyana Shield.
Sphagnum curicuriariense Crum & Buck (1992: 458) is known from the type specimen from Amazonas State (Rio Negro entre Manaus and São Gabriel, slopes and summit of Serra Curicuriari, from Igarapé Arabú of the Rio Curicuriari to the summit, ca. 450 m at summit, 00º20'S, 66º50'W, pendent from dripping cliff at summit, 9-12 Jul 1979, W.R. Buck 2500) and from Roraima State (Serra Parima, south of Auaris, 1200 m, cloud forest, growing on rock amongst roots of Bromeliaceae, 30 Jul 1974, G.T. Prance, O. Fidalgo, B.W. Nelson & J.F. Ramos 21579, 21596, 21582) . According to Crum & Buck (1992) , the pendent habitat is particularly remarkable. The chlorocysts are very narrowly triangular and exposed on the inner surface, and the leucocysts are convex on both surfaces, a characteristic found in a few species of the subgenus Subsecunda. In Brazil this species is considered restricted to the Amazon mountains but expected to be found in the mountains of the Guyana Shield.
Together, the 234 bryophyte species of the Serra do Curicuriari comprise an important portion of the total Brazilian bryoflora, accounting for 15% of the total diversity of bryophytes in Brazil (1,524 species), and 41% of the total diversity of bryophytes in the Amazon domain (570 species), according to Costa & Peralta (2015) . Furthermore, 30 species were recorded for the first time for the Amazon domain. These results show the importance of studies to increase knowledge of Brazilian bryophytes, and also demonstrates sampling gaps in the Amazonian mountains in Brazil. Similar results were found by Mota de Oliveira et al. (2009) and Mota de Oliveira (2010) for the Amazon Forest, a systematic approach to identify community structures of epiphytic bryophytes in a transect from east to west across the Amazon Basin that resulted in the identification of 225 species.
Conclusions
The bryological inventory of the Serra do Curicuriari, São Gabriel da Cachoeira County, Amazonas State, in 1979, yielded 234 species (158 liverworts, 76 mosses), including a considerable number of novelties, with 31 species new records to northern Brazil (22 liverworts and 9 mosses) and 10 new records to Brazil (seven liverworts and three mosses). As usual in tropical lowland forests, liverworts outnumber mosses in numbers of species and genera, but for families mosses are more numerous (Richards 1983) . As observed by Ducke (1938) for the vascular flora, the region also proved to be a very rich area for bryophytes with 41% of the total species of the Amazon Rainforest domain in Brazil, and 15% of the total bryophyte species in Brazil (Costa & Peralta, 2015) . The area needs to be well conserved because four species are only known in Brazil from this area. A considerable number of floristic novelties are reported: seven species are new records to Brazil; 31 species are new records to northern Brazil; and 14 species new records to Amazonas State. These results represent a significant increase in knowledge of the Brazilian bryoflora and are relevant for the conservation of bryophyte diversity in the indigenous areas of the Middle Rio Negro, such as Serra do Curicuriari. Seven species are endemic to Brazil, and many other have restricted global ranges (Guiana Highlands and north of South America, seven and twelve species, respectively), and as such the data here represent an important contribution toward the targets of the Global Strategy for Plant Conservation (CDB 2010).
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